ABSTRACT This experiment was conducted to investigate the effects of dietary methionine (Met) on growth performance, carcass traits, meat quality and oxidative status of breast muscle in fast-(Arbor Acres, AA) and slow-(Partridge Shank, PS) growing broilers from 1 to 42 d of age. The broilers were divided into a 2 × 3 factorial design with 6 replicates per treatment. Diets were formulated to contain low (LM, 0.35 and 0.31% during 1 to 21 and 22 to 42 d), adequate (AM, 0.50 and 0.44%) and high (HM, 0.65 and 0.57%) Met, respectively. The main effects showed that the AA broilers had superior (P < 0.05) growth performance and carcass traits compared with those of the PS broilers. The breast muscle of the AA broilers had lower (P < 0.05) drip loss and malondialdehyde (MDA) content but higher (P < 0.05) cooking loss and glutathione peroxidase (GPX) activity than that of the PS broilers. Compared with the LM diets, the AM and HM diets increased (P < 0.05) 42-d BW, ADG, eviscerated yield and breast muscle yield only in the AA broilers. The AA broilers fed the HM diets had higher (P < 0.05) pH but lower (P < 0.05) L * , cooking loss and ether extract content in breast muscle than those fed the LM diets. Compared with the LM diets, the HM diets resulted in strain-dependent changes (P < 0.05) in muscle oxidative status, with total antioxidant capacity (T-AOC) increased in the AA broilers, GPX activity increased and MDA content decreased in the PS broilers, and superoxide dismutase (SOD) activity increased in both strains of broilers. No differences were observed between the AM and HM diets except for T-AOC in breast muscle. In conclusion, the LM treatment negatively affected broiler growth performance, carcass traits, meat quality and oxidative status of breast muscle in a strain-dependent manner, particularly in the AA broilers, whereas the HM treatment had limited effects compared to the AM treatment.
INTRODUCTION
Modern broilers grow very fast due to genetic selection and reach a market weight at 6 wk of age with high breast meat yields (Fanatico et al., 2007) . However, such selection may have negative effects on the sensory and functional qualities of broiler meat (Dransfield and Sosnicki, 1999) . Although consumers are accustomed to paying low prices for poultry meat, they are increasingly interested in products with good quality in recent decades. Meat quality is a complex trait that is influenced by genetic, environmental, and nutritional factors (Fletcher, 2002) . Slow-growing chickens are generally believed to have higher meat quality than fast-growing chickens (Guan et al., 2013; Sarsenbek et al., 2013) . Many studies have been conducted to evaluate the effects of nutrient density on meat quality in fast-and slow-growing chickens (Fanatico et al., 2007; Zhao et al., 2009; Yalçin et al., C Wang et al., 2013) . Zhao et al. (2012) reported that the meat quality of broilers from different breeds had some different responses to dietary nutrient density.
Methionine (Met) is the first limiting amino acid in poultry fed corn-soybean meal diets. Apart from acting as an essential amino acid for protein synthesis, it also influences lipid metabolism and oxidative status (Nukreaw et al., 2011; Chen et al., 2013) . Meat quality is associated with its oxidative stability, which can be reflected by total antioxidant capacity (T-AOC), activities of superoxide dismutase (SOD) and glutathione peroxidase (GPX) and levels of malondialdehyde (MDA), etc. ). The T-AOC reflects cumulative action of all the antioxidants (Ghiselli et al., 2000) , and both SOD and GPX are endogenous antioxidant enzymes to inhibit lipid oxidation, which can be evaluated by MDA levels (Chan et al., 1994; Castellini et al., 2006) . Dietary Met status has been demonstrated to affect meat quality and antioxidant system in fast-growing broilers Del Vesco et al., 2015; Conde-Aguilera et al., 2016) . Fast-and slow-growing broilers may have different Met requirements (Dozier et al., 2008) , thus they may have different responses of meat quality and oxidative status to dietary Met status. Therefore, the objective of this study was to compare the growth performance, carcass traits, meat quality, and oxidative status between fast-and slow-growing chickens in response to dietary Met status. The Arbor Acres (AA) broiler was selected as the fast-growing strain, and Partridge Shank (PS) chicken, a typical indigenous meat-type strain in China, was selected as the slow-growing strain.
MATERIALS AND METHODS

Bird Husbandry, Diets, and Experimental Design
All procedures were approved by Nanjing Agricultural University Institutional Animal Care and Use Committee. A total of 180 AA and 180 PS broilers were obtained from a local hatchery and raised from 1 to 42 d of age. The broilers were divided into a 2 × 3 factorial design with 6 replicate cages (each containing 10 birds) per treatment. Diets were formulated according to the NRC (1994) to contain low (LM, 0.35 and 0.31% during 1 to 21 and 22 to 42 d), adequate (AM, 0.50 and 0.44%) and high (HM, 0.65 and 0.57%) Met, respectively. The LM diets contained no supplemental DL-Met, and the AM and HM diets were formulated by supplementing DL-Met (99%; Adisseo Inc., Antony, France) in the LM diets at the expense of corn-gluten meal (Table 1) . Chicks were allowed free access to mash feed and water in 3-layer cages in a temperaturecontrolled room with a 23L:1D lighting program, and each layer contained 2 replicate cages for each group. The temperature of the room was maintained at 32 to 34
• C for the first 3 d and then reduced by 2 to 3 • C per wk to a final temperature of 20
• C. Feed intake was recorded at 21 and 42 d of age by replicate cage. At 42 d of age, birds were weighed after feed deprivation for 12 h to calculate average daily gain (ADG), average daily feed intake (ADFI) and feed conversion ratio (FCR). Mortality was also recorded.
Sample Collection
At 42 d of age, 6 broilers from each treatment (1 broiler per replicate cage) was randomly selected and weighed after feed deprivation for 12 h. Birds were killed by cervical dislocation. After blood and feather were removed, hot carcasses were weighed to calculate dressing percentage. Then head, feet, abdominal fat pad, and all of the viscera except the kidneys were further removed to determine eviscerated yield based on live weight. The whole breast muscle (pectoralis major and pectoralis minor without bones) was weighed to calculate the yield based on eviscerated weight. Then samples were immediately collected from pectoralis major muscles, with the left stored at 4
• C for meat quality assay and the right stored at -20 • C for the determination of antioxidant activity.
Meat Quality Assay
At 45 min after slaughter, meat color was evaluated by a colorimeter (Minolta CR-10, Konica Minolta, Tokyo, Japan) using the CIELAB system (L * = lightness; a * = redness; b * = yellowness). The pH value was determined at a 1 cm depth using a pH meter (HI9125, HANNA Instruments, Italy) at 24 h postmortem. The meat color and pH value were measured in triplicate at 3 points for each sample, and the average values were obtained. The drip loss and cooking loss of samples were measured at 24 h postmortem as previously described (Yang et al., 2016) . Briefly, the samples were weighed, hung in a plastic bag, sealed, and stored at 4
• C for 24 h. Then samples were weighed again to calculate drip loss. The samples were dried on the surface using filter papers, weighed, placed into a sealed plastic bag and heated in a water bath to an internal temperature of 75
• C for 20 min. A thermometer was inserted into the samples to monitor core temperature. After cooling to room temperature, the samples were weighed again to calculate cooking loss.
Chemical Composition
The contents of moisture, crude protein, crude ash, and ether extract in the meat samples were determined according to the AOAC methods (AOAC, 1990) as a proportion of the raw meat.
Determination of Antioxidant Activity in Breast Muscle
The breast muscle samples were homogenized (1: 9, wt/vol) with ice-cold physiological saline solution, and then centrifuged at 5,000 × g for 10 min at 4
• C. The supernatant was used for analyzing T-AOC, activities of SOD and GPX and MDA content. The T-AOC was determined by ferric reducing ability method (Benzie and Strain, 1996) , SOD activity by the nitrite method (Ōyanagui, 1984) , GPX activity by the dithio-nitrobenzoic acid method (Hafeman et al., 1974) , and MDA content by the thiobarbituric acid method (Placer et al., 1966) . They were determined by using a corresponding commercial kit (Nanjing Jiancheng Bioengineering Institute, Nanjing, China) according to instructions of the manufacturer.
Statistical Analysis
Two-way analysis of variance (ANOVA) was performed to determine the main effects of strain and Met and their interaction using the general linear model procedure of SPSS software (SPSS, 2008) . Differences among treatments were examined by Tukey's test and were considered significant at P < 0.05. Data are presented as means and pooled SEM.
RESULTS
Growth Performance
Mortality was 3.3% and did not differ among treatments (data not shown). The main effects showed that the AA broilers had higher (P < 0.001) 42-d BW, ADG, and ADFI and lower (P < 0.001) FCR than the PS broilers (Table 2) . Compared with the LM diets, the AM and HM diets increased (P < 0.05) 42-d BW and ADG in the AA broilers, and the AM diets increased (P < 0.05) ADFI, but no difference was observed in the growth performance of the PS broilers. There was no dietary Met effect on FCR within each strain. The interaction between strain and Met on growth performance was not significant.
Carcass Traits
The main effects showed that the AA broilers had higher (P < 0.001) dressing percentage, eviscerated yield, and breast muscle yield than the PS broilers (Table 3 ). The AA broilers fed the AM and HM diets had higher (P < 0.05) eviscerated yield and breast muscle yield than those fed the LM diets, but no differences were observed in the PS broilers.
Meat Quality
The main effects showed that the AA broilers had lower (P = 0.002) drip loss but higher (P = 0.006) cooking loss of breast muscle than the PS broilers (Table 4) . The HM diets resulted in higher (P < 0.05) pH but lower (P < 0.05) L * value and cooking loss of breast muscle than the LM diets in the AA broilers. The AM and HM diets also resulted in lower (P < 0.05) L * value than the LM diets in the PS broilers. No difference was observed in a * or b * value among treatments.
Chemical Composition
There were no significant differences in moisture, crude ash, or crude protein content of breast muscle among treatments (Table 5 ). The AA broilers fed the LM diets had highest (P < 0.05) ether extract content in breast muscle among all the treatments.
Oxidative Status
The main effects showed that the AA broilers had lower (P < 0.05) MDA content but higher (P < 0.001) a-c Means within a column with different superscripts differ significantly at P < 0.05; n = 6. 1 MDA = malondialdehyde, SOD = superoxide dismutase, T-AOC = total antioxidant capacity, GPX = glutathione peroxidase.
2 AA = Arbor Acres, PS = Partridge Shank. 3 LM = low Met, AM = adequate Met, HM = high Met. Calculated Met levels in the experimental diets were low (0.35 and 0.31%), adequate (0.50 and 0.44%) and high (0.65 and 0.57%) during 1 to 21 and 22 to 42 d, respectively.
GPX activity in breast muscle than the PS broilers (Table 6 ). The PS broilers fed the HM diets had lower (P < 0.05) MDA content but higher (P < 0.05) GPX activity in breast muscle those fed the LM diets. The HM diets resulted in higher (P < 0.05) SOD activity in breast muscle than the LM diets in both strains of broilers. The T-AOC of breast muscle was increased (P < 0.05) with Met levels in the AA broilers.
DISCUSSION
Effects of Strain
As expected, the AA broilers had superior growth performance and carcass traits to the PS broilers. However, the breast muscle of AA broilers had lower drip loss but higher cooking loss, which was in agreement with the data of Fanatico et al. (2007) . The lower drip loss might be explained by larger and thicker fillets with relatively less surface area in relation to muscle mass exposed to the air, and the higher cooking loss might also be due to larger fillet dimensions, which leads to more cooking time and more moisture loss (Fanatico et al., 2007) . No differences were observed in pH or color of breast muscle in the current study, agreeing with the results of Sarsenbek et al. (2013) . However, significant differences in pH and color of breast meat between fastand slow-growing broilers were observed in previous research (Fanatico et al., 2007; Zhao et al., 2012) . The discrepancy among studies might be due to the extent of difference in growth rate between the broilers selected. It was reported that the differences in pH and color of breast muscle were greater between AA broilers and Chinese indigenous chicken genotypes with lower live body weight (Guan et al., 2013; Sarsenbek et al., 2013) .
The moisture, crude ash or crude protein content of breast muscle was not affected by strain, agreeing with previous data (Fanatico et al., 2005) . The AA broilers had higher ether extract content in breast muscle than the PS broilers when both were fed the LM diets. This was similar to previous studies that reported higher muscle fat content in fast-growing broilers than in slow-growing broilers when receiving lownutrient but not conventional diets (Fanatico et al., 2005; Fanatico et al., 2007) . Our findings implied that the difference in muscle fat content between fast-and slow-growing broilers was dependent on dietary Met status. Fast-growing broilers might gain more muscle fat than slow-growing broilers when receiving the LM diets. It was reported that Met deficiency increased lipid content in pectoralis major muscles of fastgrowing broilers (Conde-Aguilera et al., 2013) , whereas no difference was observed in slow-growing chicks (Attia et al., 2005) .
The AA broilers had lower MDA content but higher GPX activity in breast muscle than the PS broilers, which was opposite to the results of Castellini et al. (2006) , who reported that the fast-growing broilers (Ross 205) had higher MDA level in breast muscle than slow-growing broilers (Kabir). The discrepancy might be partly due to slaughter age and sample collection. In Castellini et al. (2006) , the broilers were slaughtered at 81 d of age and breast muscle samples were excised from the refrigerated carcasses (24 h at 4
• C) for analysis, whereas in our study the broilers were slaughtered at 42 d of age and breast muscle samples were collected from hot carcasses and stored at -20
• C until analysis. The lower MDA content in the AA broilers might be attributed to simultaneous higher GPX activity (Chan et al., 1994) , but the reason for the variation in MDA content and GPX activity between strains was unknown. Castellini et al. (2006) inferred that it was due to different antioxidant intake (α-tocopherol, carotenoids, etc.), locomotory activity and the degree of maturity, which was not reflected in this study.
Effects of Methionine
This study confirmed that dietary Met levels affected growth performance and carcass traits of broilers as previously reported (Hickling et al., 1990; EsteveGarcia and Mack, 2000; Ahmed and Abbas, 2011) . The AM and HM diets resulted in higher 42-d BW and ADG as well as higher eviscerated yield and breast muscle yield only in the AA broilers, suggesting that fast-growing broilers were more responsive to Met supplementation, which would improve broiler growth by increasing growth hormone secretion and muscle protein accretion (Barnes et al., 1995; Carew et al., 2003) . We had no explanation for increased ADFI in the AA broilers fed the AM but not HM diets. No difference in the PS broilers might be due to lower growth rate. However, it was unexpected that there were no significant differences in growth rate or carcass traits between the AM and HM diets.
The HM diets resulted in higher pH but lower cooking loss of breast muscle than the LM diets in the AA broilers, agreeing with the data of Liu et al. (2010) . The change in pH might be due to decreased pyruvate kinase activity by Met supplementation, which inhibited glycolysis and lactic acid accumulation (Corzo et al., 2006) . Zhao et al. (2012) also reported that lower muscular pH was associated with higher pyruvate kinase activity in the breast muscle of broilers fed low-nutrient diets. Lower breast muscle pH has been demonstrated to increase L * value and cooking loss (Alnahhas et al., 2014) . However, we had no explanation for the higher L * value without significant change in pH in the PS broilers fed the LM diets, although a decreasing trend was observed. There were no significant differences in meat quality between the AM and HM diets, which was consistent with the data of Jiao et al. (2010) , implying that a moderately higher dietary Met did not affect meat quality.
The AM and HM diets resulted in lower ether extract content in breast muscle than the LM diets in the AA broilers. This might be attributed to higher carnitine content induced by Met supplementation, which plays an important role in lipid catabolism (Zhan et al., 2006) . Our finding was similar to the results of CondeAguilera et al. (2013) , who found lower muscle lipid content in broilers fed TSAA sufficient diet than fed TSAA deficient diet.
Compared with the LM diets, the HM diets resulted in strain-dependent changes in muscle oxidative status, with T-AOC increased in the AA broilers, GPX activity increased and MDA content decreased in the PS broilers, and SOD activity increased in both strains of broilers, implying that Met supplementation resulted in improved antioxidant capacity of breast meat. The similar results were obtained by Chen et al. (2013) , who found that higher dietary Met concentration enhanced serum SOD activity and decreased hepatic MDA content. Wu et al. (2012) also reported that Met deficiency reduced GPX and SOD activities and increased MDA content in spleen of broilers. This might be explained by the fact that the antioxidants glutathione and cysteine are derived from Met and that Met is involved in the Met sulphoxide reductase antioxidant system (Tesseraud et al., 2011) . In addition, Met supplementation was demonstrated to increase GPX mRNA expression in breast muscle of acute heat stress-exposed broilers (Del Vesco et al., 2015) . However, it was unclear how strain affected the responses of muscle oxidative status to Met.
In conclusion, the AA broilers had superior growth performance and carcass traits to the PS broilers, but meat quality was not consistently better in the AA broilers. The LM treatment negatively affected broiler growth performance, carcass traits, meat quality and oxidative status of breast muscle in a straindependent manner, particularly in the AA broilers. The HM treatment had limited effects compared to the AM treatment.
